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In most species the operational sex ratio is male biased, so females can be choosy when selecting a mate.
Male choosiness, however, may also be beneficial, especially in species where female quality is variable,
male mating investment is high and there is a high probability of attracting additional females. We inves-
tigated male choosiness in the fiddler crab Uca mjoebergi. Clutch size was positively correlated with female
size. Since male mating investment is high (prolonged mate guarding), males would therefore benefit by
mating with large females. Males were capable of discriminating between large and small females, and
under both natural and experimental conditions they preferentially courted larger females. They did
not, however, forego mating opportunities with small females, probably because the operational sex ratio
was highly male biased, which limited their opportunity for attracting a second mate. Thus male U. mjoe-
bergi not only engaged in competition for matings, but also showed mate choice.
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In most species, sexual selection has been traditionally
thought to involve maleemale competition and female
choice (Darwin 1871; Bateman 1948; Trivers 1972), al-
though the sex roles are sometimes reversed (Berglund
et al. 1986). It is becoming increasingly clear, however,
that the notion of one sex being discriminating and the
other being competitive is overly simplistic. As a conse-
quence, male mate choice in species where females show
strong mating preferences and/or there is intense malee
male competition has been found in a wide range of
taxa, from insects to mammals (Sargent et al. 1986; Olsson
1993; Verrell 1995; Goshima et al. 1996; Jones et al. 2001;
Craig et al. 2002). Male mate choice is predicted in species
where female quality is variable, male mating investment
is high and/or there is a good chance of attracting alterna-
tive females (Kokko & Johnstone 2002).
Males will benefit from being discriminating when fe-

males vary in their quality as mates. In many taxa, females
vary considerably in adult body size (Bisazza et al. 1989;
Bonduriansky2001). In some species this translates into var-
iation in clutch size, with larger females producing more
eggs (Murai et al. 1987; Côte & Hunte 1989). Males can,
therefore, increase their fitness by mating with larger

females (Manning 1975; Gwynne 1981; Sargent et al.
1986; Verrell 1995).
Male choosiness may also be predicted when the current

mating investment limits amale’s ability to invest in future
matings (Verrell 1995; Bonduriansky 2001). Lengthy court-
ship, mate guarding, sperm depletion, predator attraction
and physical injury can all directly (Trivers 1972; Koga
et al. 1993; Jennions & Backwell 1998; Roberts & Uetz
2005) or indirectly (Stuart-Fox & Whiting 2005) limit
a male’s future reproductive success. If these costs are
high, selection should favour the allocationofmating effort
towards those females capable of providing maximum re-
productive gains.
For males to benefit from being choosy, the risk of not

attracting an alternative female must outweigh the bene-
fits of mating with highly fecund females. The likelihood
of attracting an alternative female depends on the oper-
ational sex ratio (OSR), specifically the number of re-
ceptive females to competing males (Emlen & Oring
1977). In species where males can achieve fast rates of
reproduction through investing little in offspring pro-
duction, the OSR will be biased towards an excess of males
(Parker & Simmons 1996; Cunningham & Birkhead 1998).
As a consequence, males should not necessarily forego
mating opportunities with low-quality females (Olsson
1993; Verrell 1995). The optimum level of male choosi-
ness is likely to be a function of the OSR (Owens &
Thompson 1994).
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Fiddler crabs (genus Uca) are a classic example of a group
in which males compete for access to mates and females
are often highly selective in their choice of males (Back-
well & Passmore 1996; Jennions & Backwell 1996; Back-
well et al. 1998; Backwell & Jennions 2004; deRivera
2005). It has generally been assumed that males are indis-
criminate in their choice of mates. However, these crabs
have two of the three predictors of male choosiness de-
scribed above. Growth is indeterminate which results in
a wide range of adult body sizes, and therefore the poten-
tial for highly variable female fecundity (Sebens 1987).
Furthermore, there is a last-male sperm precedence which
often causes males to invest in prolonged mate guarding
following copulation (Goshima et al. 1996). This opportu-
nity cost prevents a male from remating in a given repro-
ductive cycle and may therefore represent a relatively high
mating investment by males (L. T. Reaney & P. R. Y. Back-
well, unpublished data). The OSRs of fiddler crab popula-
tions, on the other hand, are highly male biased (Nobbs
& McGuinness 1999), which strongly limits a male’s po-
tential benefit from being choosy. In this study, we inves-
tigated whether a trade-off between the costs and benefits
of choosiness selects for male choice of larger females in
the fiddler crab Uca mjoebergi. We examined this experi-
mentally and tested the idea under natural mate-searching
conditions, a context seldom examined in male mate
choice studies.
Ucamjoebergi is a small (5.4e15.0 mm) fiddler crab found

in large mixed-sex colonies on intertidal mudflats across
northwestern Australia (vonHagen& Jones 1989). Each in-
dividual defends its own territory comprising a burrow and
a small (20-cm diameter) surrounding area of mudflat that
is used for feeding and courtship in males. The mating sys-
tem is characterized by female choice andmaleemale com-
petition. Reproduction is synchronous and confined to
several days either side of neap tide (L. T. Reaney & P. R. Y.
Backwell, unpublished data). When females are ready to
mate, they leave their territories and wander through the
population. Males have a single enlarged claw that they
wave at females in a courtship display. Females visit several
males before selecting a mate and are known to select
males on the basis of body and claw size, wave rate and
burrow quality (L. T. Reaney & P. R. Y. Backwell, unpub-
lished data). Mating can occur both on the sediment sur-
face and underground, in the male’s burrow (L. T. Reaney
& P. R. Y. Backwell, unpublished data). In surface mating,
a resident female is courted by a male neighbour or wan-
dering burrowless male. The pair copulate for several min-
utes at the entrance to the female’s burrow before
separating. In underground mating, the pair remains in-
side the burrow until the female extrudes a clutch of fertil-
ized eggs, 1e9 days after mating (L. T. Reaney & P. R. Y.
Backwell, unpublished data). Once the clutch is extruded,
the female remains underground for approximately 2
weeks while the embryos develop, whereas the male leaves
the burrow and wanders away to fight for a new territory.
This 1e9-day mate-guarding period prevents the female
from remating, which will ensure paternity in a species
with last-male sperm precedence (Olsson 1993; Goshima
et al. 1996; Preston et al. 2005). Since females extrude their
eggs roughly simultaneously (to have them ready for

release during the following spring tide), by the time
mate-guarding males have emerged from their burrows,
the mating activity has ended for that reproductive cycle
(L. T. Reaney & P. R. Y. Backwell, unpublished data). Males
will not have the option of remating. This relatively high
investment in the present mating may encourage males
to be selective in their choice of females.

We examined the ability of males to discriminate
between females and determined whether they use this
ability under natural conditions. We tested the following
predictions: (1) larger females are more valuable mates
since they produce larger clutches of eggs; (2) males can
discriminate between females based on their body size;
and (3) males preferentially court larger females and/or
reject smaller females. We also determined the potential of
attracting a second female (a possible cost of rejecting
a mate) by examining the OSR.

METHODS

We conducted the study in the mangroves of East Point
Reserve, Darwin, Australia from September 2005 to January
2006. Observations were made 2 h before and 2 h after low
tide, during periods of peak mating activity several days
either sideofneap tide.Weusedcarapacewidthasameasure
of crab size in our analyses. All summary statistics are pre-
sented as mean � SE unless otherwise indicated.

Female Fecundity

Wedetermined the clutch size of 33 females.We followed
mate-searching females until they mated. Surface-mated
females were collected immediately after they separated
from their mate. When females mated underground,
a plastic container (11 cm in diameter; 6 cm high) was
placed over the burrow entrance and anchored to the sub-
strate with metal stakes (10 cm long). During the 1e9-day
mate-guarding period the containers were regularly
checked for the male, which abandons his burrow when
the female extrudes her eggs. When the male was present
in the container, the gravid female was dug out from inside
the burrow. Any wandering burrowless females found to be
gravid were also collected. Gravid females were taken to the
laboratory where we measured their carapace width, and
housed them individually in small plastic containers
(9 � 7 cm and 5 cm high) with an undefined volume of
sea water (changed daily) and a rock platform until they re-
leased their larvae. The larvae were suspended in a total of
60 ml of sea water and stirred thoroughly while a 2-ml sub-
sample was removed. The larvae in the subsample were
counted on a dissecting microscope and used to estimate
the total clutch size.We checked the repeatability of the lar-
val counts by taking threemeasures from23of the clutches.

Male Discrimination Ability: Female Size

We conducted two types of discrimination trials, simul-
taneous and sequential. In both trials, a territory-holding
adult male was randomly selected and visually isolated
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from the population with a circular 4-cm-high opaque
shield (40 cm in diameter). The male was then presented
with two females, either simultaneously (N ¼ 25) or se-
quentially (N ¼ 20). The females were tethered, with cot-
ton thread glued to the carapace and fastened to a nail
placed in the mud, 15 cm from the male’s burrow en-
trance. In simultaneous trials, the females were randomly
positioned 180� apart. Following a settling period of
roughly 1e2 min the male would emerge from his burrow.
If he did not emerge during this time we abandoned the
trial. Immediately after the male first emerged from his
burrow, we videorecorded his behaviour using a camera
(Sony TRV16E) on a tripod directly overhead. Filming
ceased after 5 min. Each male was presented with a large
and a small female (in a random order in sequential trials).
Females were considered large if they fell in the top third
of the female population size distribution, and small if
they fell in the lowest third (T. Detto, unpublished data:
range in carapace width of female population 6.5e
11 mm, N ¼ 183; ‘large’ � 9.5 mm; ‘small’ � 8.0 mm). For
the sequential trials, a 10-min interval followed the origi-
nal 5-min trial, after which the male was presented with
the alternative large/small female. Each female was used
in one trial only. Male carapace width was measured on
completion of the experiment. From the video, we calcu-
lated and pooled the time the male spent courting and
surface mating with a female and counted the waves given
to each of the females. When courting a female, the male
turns to face her and waves directly at her. Males would
also approach females and use their walking legs to probe
their abdomens, and/or mount them from the rear, and
feed from their carapaces during courtship. We also
measured the total (cumulative) time that females spent
moving during the simultaneous trials.

Natural Courtship and Female Rejections

We videorecorded naturally wandering females (N ¼ 46)
as they moved through the population visiting potential
mates. For each female, we filmed the full courtship se-
quence by a single male, from the initiation to cessation
of waving. We then captured and measured the male
and female. From the video, we timed the duration of
the interaction, calculated the time a male spent courting
and surface mating with the female, and counted the
waves given to the female.
While watching females searching for mates, we docu-

mented every case of male rejection observed. A rejection
was noted when a female approached a waving male and,
during the final stages of courtship, the male refused the
female entry into his burrow. Standing over his burrow
entrance, the male faced perpendicular to the female and,
with his claw extended at 90� out to his side, often hit her.
After the female moved away we marked the burrow of the
rejecting male with a small flag. To determine whether the
female was sexually receptive and searching for a mate, we
watched her behaviour after her rejection. It is relatively
easy to track a mate-searching female since she is contin-
ually surrounded by avidly waving males. We considered
the female to be ‘receptive’ if she continued to visit

courting males and eventually selected a male with
whom she mated. Mate-searching females almost always
end their search by selecting and mating with a male (L. T.
Reaney & P. R. Y. Backwell, unpublished data). Females
that continued to sample but did not go on to mate or
females that immediately went in search of empty
burrows were recorded as ‘nonreceptive’. We also docu-
mented the behaviour of the rejecting male, noting
whether he waved at the next wandering female encoun-
tered. Both male and female were captured and measured
after the observations were complete.

Operational Sex Ratio

We determined the OSR in three ways. First, we counted
the males and females present on the surface during a
10-min observation period for 30 randomly selected plots
(1 m2). In the same plots, we also counted the waving
males and mate-searching females that were in the plot
at any time during a 10-min observation period. Finally,
we marked the burrows of 35 randomly selected males
and observed each for a 30-min period during which we
counted the females that approached (walked towards)
and visited (entered the burrow) each male.

RESULTS

Female Fecundity

Clutch size was positively correlated with female body
size (Pearson correlation: r31 ¼ 0.59, P < 0.001; Fig. 1). The
larval counts were highly repeatable (one-way ANOVA:
F22,46 ¼ 14.7, P < 0.001).

Male Discrimination Ability: Female Size

When presented simultaneously with a large and a small
female,males spentmore time courting and surfacemating
with the larger female (large: X� SD ¼ 107:78� 18:20 s;
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Figure 1. Relation between a female’s carapace width (mm) and the

number of larvae she produces.
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small: 38.37 � 12.81 s; Wilcoxon signed-ranks test: Z ¼
�2.30, N ¼ 25, P < 0.05). They also directed more waves to
the large female (large: 19.64 � 3.36 per 5 min; small:
8.72 � 2.89 per 5 min; Z ¼ �2.21, N ¼ 25, P < 0.05). This
differencewas not due to differing levels of activity between
small and large females (paired t test: t24 ¼ �0.737,
P ¼ 0.468).
Male preference for large females was weaker in the

sequential preference trials. When we examined the male
response to the first female presented (either large or
small), we found no difference in the time males spent
courting and surface mating (student’s t test: t18 ¼ �0.89,
P ¼ 0.39) or the number of waves given (t18 ¼ �0.42,
P ¼ 0.68). When presented sequentially with a large and
a small female (in a random order), males could poten-
tially alter their courtship effort in the second presenta-
tion depending on their experience during the first
presentation. We found that males presented first with
a large female spent significantly more time courting
and surface mating (paired t test: t9 ¼ �4.31, P < 0.01)
and gave her significantly more waves (t9 ¼ �2.98,
P < 0.05) than the subsequent small female (Fig. 2). Males,
however, did not intensify their courtship of large females
when they were presented after a small female. There was
no difference in the time spent courting and surface mat-
ing (t9 ¼ �0.07, P ¼ 0.94) or the number of waves given
(t9 ¼ 0.52, P ¼ 0.61) to large and small females (Fig. 2).

Natural Courtship and Female Rejections

Males did not spend more time courting and surface
mating with larger females (Pearson correlation: r28 ¼ 0.14,
P ¼ 0.45), nor did they give larger females more waves
(r28 ¼ 0.30, P ¼ 0.11). However, to control for the duration
of the interaction, we divided the total number of waves by
the total duration of the interaction to give an average
wave rate. There was a significant positive correlation be-
tween average wave rate and female carapace width (partial
correlation: r ¼ 0.54, N ¼ 30, P < 0.001; Fig. 3).
Males rarely rejected approaching females. We do-

cumented only 16 rejections out of hundreds of visits
observed over seven breeding cycles (3.5 months). In all
16 cases, the male proceeded to court other wandering
females. The rejected females, however, never went on to
mate with another male, but all occupied empty burrows,
dug new burrows or evicted a resident to take-over its
burrow. Males thus appeared to reject only nonreceptive
females.

Operational Sex Ratio

There were 10.7 surface-active males to each surface-
active female in the plots (N ¼ 30 plots). This differs signif-
icantly from a 1:1 ratio (Fisher’s exact test: P < 0.05). The
OSR was even more male biased when measured in terms
of sexually receptive crabs: there were, on average, 45.0
waving males for each mate-searching female (N ¼ 30
plots). Furthermore, during the 30-min observation pe-
riods, none of the 35 males were approached or visited
by a mate-searching female.

DISCUSSION

Female body size correlated positively with fecundity in
U. mjoebergi, as in other fiddler crab species (e.g. Uca rapax:
Greenspan 1980; Uca lactea: Murai et al. 1987; Uca tetrago-
non: Goshima et al. 1996). Larger females produced more
eggs per clutch, probably because they had more body re-
sources to maintain a pregnancy (Jorgenson et al. 1993;
Saether & Heim 1993) or possessed a greater internal vol-
ume for amassing eggs (Bonduriansky & Brooks 1998).
This variation in female quality means that males can
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increase their fitness by selectively mating with large
females. To do this, males must be capable of distinguish-
ing between large and small females. In simultaneous pref-
erence trials we showed that males can differentiate
between females of different size and that they spent
more time courting the larger female in the pair. They
also directed more waves at the larger female. These differ-
ences in male behaviour are unlikely to be caused by dif-
ferences in the visibility of the females since both were
tethered close to the male and would have been clearly
visible to him as he emerged from his burrow (Land &
Layne 1995). In fact, males of this species are able to rec-
ognize their neighbours at distances greater than those
used here (Backwell & Jennions 2004).
Under natural conditions, however, males would

seldom encounter two mate-searching females simu-
ltaneously. In our second set of experimental trials, we
presented males with a more natural sequential choice of
large and small females. Examining only the first trial for
each male, we showed that the male preference for large
females was weak. This effect has previously been shown
in mollies, Poecilia latipinna (MacLaren & Rowland 2006)
and sticklebacks, Gasterosteus aculeatus (Rowland 1982)
and is thought to demonstrate the importance of local
density and the context of potential mate encounters in
mate choice. Bakker & Milinski (1991) also showed that
responsiveness to potential mates can be influenced by
the order in which they are encountered. In our study
we found that, when a male courted a large female first,
he decreased his courtship effort (less time and fewer
waves) when subsequently presented with a small female.
When he courted a small female first, he did not adjust his
courtship effort for the subsequent large female, indicat-
ing that the decrease was not due to depleted energy re-
serves. The strength of male mate choice under natural
conditions may therefore be influenced by previous en-
counters with mate-searching females and is probably
not a simple invariant preference.
Our documentation of naturally courting males in-

dicates that males did not spend more time courting
larger females. When we controlled for the duration of the
courtship interaction, however, we found that males

waved more to larger females. This effect is unlikely to be
caused by differences in female responsiveness since there
was no relation between female size and the duration of
courtship. Thus, males appear to be investing more effort
in courting larger females. Bonduriansky (2001) argued
that the effort a male expends in courting a specific poten-
tial mate is an accurate reflection of mate preference, since
males experiencing a male-biased OSR must compete for
access to females and may lose mating opportunities to
more ‘eager’ courting males. Males never rejected mate-
searching females, regardless of their size. In fact, the size
distribution of mated females is very similar to that of
the female population as a whole (L. T. Reaney & P. R. Y.
Backwell, unpublished data). While males may preferen-
tially court large females, they will not forego a mating op-
portunity with a small female. This is not surprising since
the highly male-biased OSR means that males are unlikely
to attract a second female after rejecting the first. By ac-
cepting all females available to them, but intensifying
courtship towards larger more fecund females, males may
be matching the cost of courtship to the potential benefits
gained (Real 1991; Itzkowitz et al. 1998).
Male mate choice makes adaptive sense when female

quality is variable and both male mating investment and
the probability of encountering additional females are
high (Kokko & Johnstone 2002). We have shown that
males would benefit from mating with larger females be-
cause of their increased fecundity. In this species, male
mating investment is high because of prolonged mate
guarding, which prevents males from remating within a re-
productive cycle. Both of these factors suggest that males
should selectively court and mate with larger females.
The extremely low encounter rate with females, however,
appears to temper male choosiness. Although they prefer-
entially court large females, males do not avoid mating
opportunities with females of lower reproductive value.
The high reproductive investment and/or the potential
benefits of mate quality variance may have selected for
male mate choice in this species, despite the bias in OSR
towards an excess of males. Thus, male U. mjoebergi not
only engage in competition for matings but also show
mate choice. These findings contribute to a growing
body of evidence which suggests that the notion of one
sex being discriminating and the other competitive is
overly simplistic.
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